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MESENCHYMAL STEM CELLS AS IMMUNOSUPPRESSANTS 

This application is based on and claims priority of U.S. provisional 
application serial no. 60/080,678 filed April 3, 1998. 

The present invention relates to the field of inducing immunosuppression by 
using mesenchymal stem cells to inhibit T cell activation against antigens. 

Background of the Invention 

In a normal immune response, T cells are activated by a first, antigen 
specific, signal which stimulates T cells via the T cell antigen receptor and confers 
antigen specificity to the immune response; and a second, costimulatory, signal 
delivered by costimulatory molecules found on the surface of antigen presenting 
cells. Both signals are required to induce T cell proliferation. If the second 
costimulatory signal does not occur, or if the co-stimulation pathway is blocked or 
downregulated, activation of T cells will be reduced or eliminated. This results in 
hyporesponsiveness of the T cells to antigen and can induce a state of T cell anergy, 
or T cell nonresponsiveness, wherein the T cells will not proliferate when presented 
with antigen. 

The best characterized co-stimulatory molecules on antigen-presenting cells 
are the structurally related glycoproteins B7-1 (CD80) and B7-2 (CD86). These are 
homodimeric members of the immunoglobulin superfamily found exclusively on the 
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surface of cells capable of stimulating 2 T-cell growth. The receptor for B7 
molecules on the T-cell is CD28, another member of the immunoglobulin 
superfamily. Ligation of CD28 by B7-1 or B7-2 or by anti-CD28 antibodies will 
co-stimulate the growth of naive T-cells, while antibodies to the B7 molecules, 
5 which inhibit B7 binding to CD28, inhibit T-cell responses. 

The function of the immune system is to eliminate foreign cells that may 
contain pathogens, while maintaining unresponsiveness or tolerance against self- 
antigens. Tolerance is manifested by T cell anergy, characterized by the survival, 

10 but nonresponsiveness of T cells. However, the immune system may attack self- 
constituents, causing autoimmune disease. Autoimmune diseases are believed to 
originate in the abnormal immune response to self-antigens, either due to a change 
in self-antigens or exposure to crossreactive antigens. Autoimmune diseases caused 
by antibody-mediated immune responses to self-antigens include diseases such as 

15 rheumatoid arthritis, systemic lupus erythematosus and inflammatory bowel disease. 

It is desirable to improve present treatments of autoimmune disease or other 
undesirable immune reactions which use general immunosuppressive agents such as 
corticosteroids, azathioprine, or cyclosporin A. These treatments are nonselective 
20 and do not distinguish between normal and abnormal immune responses. These 
drugs often have adverse side effects, including general suppression of the immune 
system with risks of infection and neoplasia, as well as the development of diseases 
such as diabetes, osteoporosis, leukopenia and hypertension. 

25 Accordingly, in certain circumstances, such as autoimmune disease, a 

particular immune response may not be desired. Alternative approaches for 
treatment of these conditions are needed for patients who cannot withstand, or do 
not respond to, conventional chronic, non-specific drug therapy. 
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Slll — orv f the Invention 

, nas oeen discover* ft* — -» «* - * ^ » 

U- - - — — - - - " - '^r: 

wffl be inhibued. U. eliminaKd. «— « ^ "1 

Lnation of an immune response by mesenchyme -» - *«« *™ 
^used as a meftod ,0 — e an immu, -P- * ■ — — 

autoimmune disease. 

According* the methods of the present invention are partly useful for 
.espor.es ta „^ aspect n,e nr^od tnvoives ao^s-enng .o an annua, 
Zlma, srem cells which Have been — ,„ car. an anrrgen 
P^ntanon of ft. anngen ,0 the T eel, in me absence of a cos_y 
Luces an anrigen-specific state of hy^onsiveness, or - «« 
5 or anergy ur the T eel! to W< challenge to ft. T ce» by fte anrrgen. Tta 
an hurl response is reduce, or . The eh—, — 

lioraOonofani— e respo,e as described herein can be used as a n^ to 

treat or tohibi, an unwanted or abnormal immune response such as occurs . 

autoimmune disease. 

to another aspect of the present invention mesenchyme stem cells - be 
^ „ prcsen. to me hnmune system moiecu.es mat bloc* cosumuiation pathways 
which are retired to effect an immur* response. Tne elimination, reducuon . 

25 „, or inhibit an unwanted or abnormal immune response such as occurs » 
disease. B,oc to g fte — o^ sign, inh^irs T ce,l ac,.^ 
anrigen specific signals presenred by antigen presenting cells that ma, he m me 
proximity of the T cells. 

30 „ a still further aspee. ofthe inve*ion, the mesenchymal stem ceUs are used 

to deliver to the T cells an antigen and a ^ «- «* - * 
copulation signal to the T cells. Delivering a specific antigen to targe, T cells 
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conjunction with blocking the costimulatory signal inhibits specific T cell activation 
in the presence of antigen specific signal presented by the antigen-presenting 
mesenchymal stem cell. In a preferred embodiment, molecules that block T cell 
costimulation are selected from cytotoxic T-lymphocyte-associated protein 4 
5 (CTLA-4) or CTLA-4Ig, a fusion protein of CTLA-4 and the constant region of 
human IgG-1. 

Brief Description of the Drawings 

Fig. 1 shows a reduction in the proliferative response of tetanus toxoid 
10 specific T cells to restimulation using peripheral blood mononuclear cells as antigen 
presenting cells after the T-cells were co-cultured with mesenchymal stem cells that 
were pulsed with tetanus toxoid. 

Fig. 2. Flow cytometry analyses of human mesenchymal stem cells 
15 corifirming the transduction of the cells with CTLA-4 (membrane bound) (Fig. 2A) 
and soluble form CTLA4-Ig (Fig. 2B). 

Fig. 3. Inhibition of T cell stimulation by human mesenchymal stem cells 
transduced with CTLA-4. 

Fig. 4. Inhibition of T cell stimulation by human mesenchymal stem cells 
transduced with CTLA4-Ig. 

Detailed Description of P referred Embodiments 
This invention relates to methods for reducing, inhibiting or ameliorating an 
immune response to a specific antigen, in vivo, by employing mesenchymal stem 
cells as antigen presenting cells to present antigen to the animal. The mesenchymal 
stem cells ameliorate, inhibit or reduce the T cell response to the antigen because 
the mesenchymal stem cells do not produce, or do not produce sufficient amounts 
30 of, the costimulatory signal required to activate the T cells. Instead, the 
mesenchymal stem cells induce hyporesponsiveness of a targeted T cell population 
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m antigen, ,e.. thete is - — . inhibited - T ce.. nnmune 

res ponse » the aMigen upon subdue* preservation of the antigen ,o the T cell. 



Accordingly, the mesenchyma. s,em cells can be -nodded to present antigen 
. a target T cell potion comprising T ceUs havhtg receptor me , ^ 
^tigen. in one embodiment, the mesenchyma, stem cells are modtfied by contact 

2 antigen M * — — ■ — ^ " 

genetic* manipulated to express an antigenic mo,ecule. The mesenchymal eels 

are preferably autologous to the recipient of me mesenchymal stem cells. 

As used herein, the term antigen is intended to include a protem, 
polypeptide, lipid, glycoprotein, etc. In one aspect of the invent, mesenc*,ma. 
L cells are modified to have at .east one exogenous antigen fragment bcund to a 
primary surface molecuie of the cel. such ma, at leas, one anngen fragment - 
ptesented ,o inhibit or reduce <he proliferative response of lymphocjrte, In one 
Mim en,, d,e mesenchymal aem ce.. is contacted with a. leas, one antigen 
(antigen-pulsing). The mesenchymal stem cell processes rhe anngen into ananngen 
fragmen, for presentation by the mesenchvma. stem cells. In another embodunent, 
the mesenchymal stem cel. is genetically maniptdaKd to express an antigetuc 
molecule. 

in another aspect of the invention, it is contemplated that the mesenchymal 
stem cells are modified to express a specific autoantigen, particularly an autoant lg en 
that mediates the immune response in autoimmune diseases. 
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20 



25 



30 



fi,rriv.r relates to a method of inhibiting, ameliorating 
The present invention further relates io a ukuua* 

or reducing a T cell response to a specific anngen by administering, in *». 

meseIKbyMl aem ceUs used as antigen present eels, witi, - 

stem ceUs being funher modified with a molecule that bkx* me deuvery of a T cell 

cosnmuladon signal to me targeted T cell. The urge, T cel. population may or ma, 

no, have ahead, been present once with antigen. Thus, in addition to mducmg 
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hyporesponsiveness of the T cells to challenge by the antigen, the mesenchymal 
stem cells further ameliorate, inhibit or reduce the T cell immune response by 
blocking costimulatory signals to the T cell that may be provided by an antigen 
presenting cell. This treatment inhibits full activation of the T cells and results in 
5 hyporesponsiveness or even nonresponsiveness of the T cells. 

With respect to this aspect of the invention, the antigen presenting cells that 
provide costimulatory signals to the T cells can be endogenous antigen presenting 
cells or may be the antigen-presenting mesenchymal stem cell. In the case where 
mesenchymal stem cells which may express the costimulatory signal required to 
10 activate T cells are used, these mesenchymal stem cells will be further modified 
with a molecule that blocks delivery of the costimulatory signal. 

In accordance with this aspect of the invention, it is contemplated that the 
mesenchymal stem cells are modified to express a specific autoantigen, particularly 
1 5 an autoantigen that mediates the immune response in autoimmune diseases. 

According to the method of the present invention, a molecule that inhibits 
the delivery of a costimulatory signal to a T cell is one that interferes with the T cell 
costimulation pathway such that the T cells do not proliferate against antigen as 
20 occurs in a normal immune response. As the term is used herein, a T cell 
costimulation signal is delivered when a costimulatory molecule interacts with its T 
cell receptor. Accordingly, in a preferred embodiment, the method involves the 
expression of a molecule by the mesenchymal stem cells which will block or 
interfere with such interaction. By blocking this interaction on primed T cells (i.e., 
25 T cells already presented with the first antigen specific signal), full activation of the 
T cells by antigen presenting cells is inhibited. The T cells exhibit 
hyporesponsiveness or nonresponsiveness to antigen, which results in an 
amelioration, reduction or elirnination of an immune response by the T cells against 
antigen. 

30 

In a preferred embodiment of this aspect of the invention, the costimulatory 
molecules are B7-1 and B7-2 and the T cell receptor is CD28. In accordance with 
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„ „• eM me mesenchymal stemcel. is preferably IS™*"* '° 
"* ^ "I BC, and CT^g -rfere «* «- 

Id CD28, te — - de,ery - - —or, <p- 
by the antigen to the T cell . 

Activated T-ceUs egress - ^cor OU4 in addi.cn » CD*, which 
bM s with a higher affinity than does CD28. CTLA-4 c ose> 

« f-TI.A-4 is a competitive antagonist of CD 28. lila 
0 genes. CTLA4 is v ,;,„ rTO8 for binding to B7 or 

delivery of costimulator, signal, by eiurer outcompefng CD28 for bur g 
gating the signa., —ng in the inhibition of M action, and before 
proliferation of the T-cell expressing it. 

A son* form of COM is the fusion protein CTLA4-Ig. The CIIA4 
molecuie is incorporated as par, of a fusion protein that contains a regton Uta, 

by CTLA4-lg, me B7 specific fusion pro«b, has also heen descnbed (Knit, et. a!., 
PNAS 1997). 

,„ a S.U, further asp*., the mefncx, of UK present invention reduces, inhibus 
or — an immune response to an atrtgen, in by e^oytng 
mesenchymal stem cehs as a vehic,e to present to the immune systen , — 

• i n,P mesenchymal stem cells induce 

that blocks T cell costiroulation. The mesenuiyi 

• of the Tcell to an antigen by interference 
25 hyporesponsivenessornonresponsivenessoftheTceUtoan 

nyv» t~ . 1 1 „ the. t rpll This results in a reduction, 

with the delivery of a costimulatory signal to the T cell. This 

nf the T cell immune response to an antigen after 
amelioration or eliminauon of the T ceil lmrnun 

presentation of the antigen to the T cell. 

signal to a T cel. that may aheady be pruned wi* an antigen spectfic stgna. from an 
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endogenous antigen presenting cell. The mesenchymal stem cells are preferably 
modified to express CTLA-4 or CTLA4-Ig. In one embodiment, the mesenchymal 
stem cells are genetically manipulated to express the blocking molecules prior to 
contact with the T cells. In accordance with this aspect, after the mesenchymal 
5 stem cells are administered, the method results in blocking of costimulation of T 
cells by antigen presenting cells and, thus, a subsequent reduced T cell immune 
response is obtained. 

In a preferred embodiment of this aspect of the invention, mesenchymal 
10 stem cells are used as a platform to express cytotoxic T-lymphocyte-associated 
protein 4 (CTLA-4) or CTLA-4Ig, a fusion protein of CTLA-4 and the constant 
region of human IgGl, molecules that block T cell costimulation. 

In accordance with this aspect of the invention, the amelioration, reduction 
1 5 or elimination of a nonspecific immune response is enabled. The application of the 
method is not limited to a particular antigen-specific T cell population, but can be 
applied to any antigen specific T cell mediated immune response to ameliorate, 
reduce or eliminate the immune response. In this embodiment the mesenchymal 
stem cells are preferably aclministered locally. The mesenchymal stem cells can be 
20 either allogeneic to or autologous to the individual to whom they are being 
administered, preferably autologous. 

Mesenchymal stem cells are normally present in minute amounts in bone 
marrow, however a process has been developed for isolating, purifying, and gready 
25 replicating these cells in culture, i.e. in vitro. See, Caplan and Haynesworth, U.S. 
Patent No. 5,486,359. 

The human mesenchymal stem cells can be used as hosts for foreign genes 
for the expression of gene products in systemic or localized targets. The human 
30 mesenchymal stem cells of the invention can be engineered (transduced or 
transformed or transfected) with genetic material of interest. The engineered human 
mesenchymal stem cells can be cultured in conventional nutrient media modified as 
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appropria* for acuvaung promoKrs selecdng «— — « 
ZZ™ — .herein. T* cuiture colons, -* - •« "T 

2 for exampie. Gerson *« N <" ^ 

5 "'s can be Led with - — — * 

mesenchymal stem cells. 

Mess otherwise sta^d, geneuc motions are performed as described in 
Sambroo* and Mania*, Moiecuiar Coning: A I—, Manaai, Co,d Spnng 
10 Harbor Laboratory, 1989. 

Althoush no, .united » the treatment of autoimmune disease, the 
^nchymai'stem ceiis and memod of the — can according!, « 
appropriate* appiied ,o treatment strategies requiring — uppresstve reage^ 
, s 1 Lmpiated is me median of ar* expansion of mesenchyme « «-B 
,„ viW for use fa ceuular inununomerapy, rhe in *. — aUon of to 
^^ressive mesenchyme. s,em ceUs for .earing or prevent — 
■„ <espo.es. One as^ of *. invert is the deveiopmsn, of d* 
^hyma, srem ceUs inro a vehicie for dehvering « srgnaU or 
20 target a specific oft*, response. the deve,opment of vacctnes w«h 

mLhyma, s*m ceUs modified as described herein for either •arge, spec* or 
sys«emic dehvery of immunosuppression for prophyiaxis and merapy of d«ase. 

TypicaUy. in me prophyiaxis or treatment o, disease staKS, me recipient is 

^ , ^ on a pennant basis. dependmg up» 

Oservauon of fonow-up monitoting, any subseauen, administxauon ma, be o 
^ „ r ,esser doses. Such procedures a^ monitoring regimens are we., known 
I those who are versed in me fte* of Unmune merapy, infecuous d,sease, 
30 oncology, epidemiology and the like. 
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The dosage of the active ingredient varies within wide limits and will, of 
course be fitted to the individual requirements in each particular case. In general, in 
the case of parenteral administration, it is customary to administer from about 0.5 to 
about 5 million cells per kilogram of recipient body weight. The number of cells 

5 used will depend on the weight and condition of the recipient and other variables 
known to those of skill in the art. The cells can be a(iministered by a route which is 
suitable for the particular disease state to be treated. In the case of non-specific 
induction of hyporesponsiveness of the immune response, mesenchymal stem cells 
modified with CTLA-4, for example, can be administered systemically, i.e. 

10 parenteral^, intravenously or by injection. In the case of induction of antigen 
specific hyporesponsiveness, the antigen-modified mesenchymal stem cells can be 
targeted to a particular tissue or organ, such as bone marrow. 

The cells can be suspended in an appropriate diluent, at a concentration of 
15 from about 5 x 10 6 to about 50 x 10 6 cells/ ml. Suitable excipients for injection 
solutions are those that are biologically and physiologically compatible with the 
recipient, such as buffered saline solution. The composition for administration 
should be sterile, stable, and the like, as is appropriate for administration into an 
individual. 

20 

An advantage of the methods of the present invention over current treatment 
for unwanted immune responses is specificity; mesenchymal stem cells are targeted 
to reduce a specific immune response without adversely affecting other segments of 
the immune system. The amelioration, reduction or elimination of an antigen 

25 specific immune response enables the treatment of or prevention of an unwanted or 
abnormal immune response to a specific antigen. A further advantage is that the 
mesenchymal stem cells offer localized expression of a molecule of interest. 
Localized expression of a molecule for example which blocks co-stimulation, e.g. 
CTLA4-Ig, may result in reduced inflarnrnation and fewer side effects. Examples 

30 of diseases which would be particularly suited to treatment with the mesenchymal 
stem cells of the present invention include thyroiditis, rheumatoid arthritis and 
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it w mesenchymal stem cells can further 

insulin dependent diabetes melhtus. The mesencnyma 

provide a continuous supply of the molecule of interest. 

The memods of the present invention are particularly appUcable to therapy 
5 0 f auto— disease and should preferably inactivate or eliminate the response to 
antigen specify, without compromising other aspects o,the immune system. 

The invention can be utilized for treatment of autoimmune diseases where 
the autoantigen mediating the dUease is itnown. The method involves general* 

marrow, to express an autoantigen in order to induce specific immunodterapy to 
inacnvate or eliminate abnormal immune responses, without interfering with other 

functions of the immune system. 

15 The following examples further fflustrae aspects of the present invention. 

However, mey are in no way a .imitation of the teachings or disclosure of the 

present invention as set forth herein. 

EXAMPLES 

20 Materials 

CTLA-4 and CTIA-4Ig were expressed in the human mesenchymal stem 
cells transduced with the cDNA CTLA-4 sequence obtained from Gene Bank 
Accession # L15006. The Ig fcrm was constat by fusing the extracellular 
portion of CTLA-4 wim the Fc heavy chain portion of human IgG via a flex* 
25 hinge of 4 glycines and 2 sermes. Peripheral blood mononuclear ceus CPBMCs) 
were obtained by apheresis of the same donors of the human mesenchymal stem 
ceUs Commercially avaUable CTLA4-Ig was obtained from R&D Sysfcms 
O.finneapo.is. MN). Mouse Ly6A.2 was obtained from Dr. Eton Shevach and 
cloned into a MuLVRetroviral Vector. 

30 

Tetanus toxoid specific T cell lines were prepared by stimulating PBMCs 
with lug/m. teanus toxoid (Connaugh. Laboratories, Toronn,, Canada) for 6 days. 
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The cells were harvested, washed and recultured for an additional 7 days in 20 
units/ml recombinant human IL2 (Proleukin) to expand tetanus toxoid specific T 
cells. The cells were harvested and T cells were purified by removal of B cells and 
monocytes using magnetic separation. The tetanus toxoid T cell line was aliquoted 
5 and frozen in liquid nitrogen until further use. 

EXAMPLE 1 

Induction of T cell hyporesponsiven ess to Tetanus Toxoid 
using mesenchymal stem cells. 

10 MSCs from Donor 155 were plated in 4 T185 2 flasks and one flask was 

treated with lOOU/ml IFN-gamma. After four days the MSCs were harvested (both 
IFN gamma treated and untreated). 3x10 s MSCs were plated in each well of a 6 
well tissue culture plate- 1 well with IFN-gamma treated MSCs, 1 well with 
untreated MSCs. IFN-gamma treated MSCs were pulsed with 50 ug/ml Tetanus 

1 5 toxoid overnight. All wells were washed very thoroughly with IX Hanks Buffered 
Salt Solution and 5xl0 6 Tetanus toxoid specific autologous T cells (Tet T cells) 
(Donor 155) were added per well. The cultures were incubated for 5 days. The 
harvested T cells were restimulated with Tetanus toxoid (0, 0.2, 1.0 and 5.0u/ml) - 
PBMCs (SxlOVwell) were used as APCs and the proliferation assay was incubated 

20 for 3 days. The cells were then pulsed with luCi [ 3 H]thymidine overnight and the 
assay was harvested 18 hours later. 

The results illustrated in Figure 1 (control Oug/ml counts subtracted as 
background) show a decrease (of approximately 30-40%) in the proliferative 
response or restimulation potential of the Tet T cells after 5 days co-culture with the 

25 IFN-garnma/Tetanus toxoid treated MSCs compared to the proliferative response of 
the Tet T cells co-cultured with untreated MSCs. 

EXAMPLE 2 
Blocking of T cell activation by Tetanus toxoid with 
30 CTLA-4 (membrane -bound) transduced mesenc hymal stem cells 

Human mesenchymal stem cells were transduced with either the full-length 
human CTLA-4 gene or with a mouse surface molecule (mouse Ly6A.2) as a 
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00*0! Figure 2A shows the Flow Cytomeay Analysis of the human mesenchymal 
stem cells transduced with CTLA-4. The control and the CILA-4 transduced 
humm mesenchymal stem ceUs were treat* wi* rFN-gamma for toe days to 
eievate MHC class D expression and were pulsed wi* high-dose (lOOug/ml) taanus 
5 toxoid for one day. After removal of IFN-gamma and « toxoid from «te 
cultures, a teranus toxoid specific T cel. line (TetQ was added to me human 
mesenchymal stem ceUs and the cuUures were incuhated for J day, 
Lym^oprohferation of the T cell line was assessed by upalce of l^thymtdme 
during the final 8 hours of the culture period. 

The results, shown in Figure 3, indicated that the control transduced human 
n^chvma. stem cel.s presented tetanus toxoid to the T cefis present in the PBMC 
preparation, and resulted in T cell proliferation (18,000 cpms), whereas the CTLA- 
4 transduced human mesenchymal stem cells dM no, induce a T cell response (200 
,5 cpms). These resuhs demonstrated that me expression of the CTLA-4 molecule on 
the human mesenchymal stem cells suppressed the T cell response. 

EXAMPLE 3 

Blocking of T cell activation by Tetanus Toxoid with 
20 m .A4-12 (solubfr-forml transduced ~«.-™*vmal stem cells. 

Human mesenchymal stem cells were transduced with either the soluble 
form CTLA4-Ig, which is composed of the extracellular portion of the human 
CTLA-4 gene fused to the consent region of human IgGl, or wUh a mouse surface 
molecule (mouse Ly6A.2) as a control. Figure 2B shows the Flow Cytometry 
25 Analysis of the mesenchymal stem cells transduced with CTLA4-Ig. To sub- 
confluent cultures of the control and CTLAWg transduced human mesenchymal 
stem cells, teunus toxoid anugen (lug/ml) a* peripheral Mood mononuclear cells 
(PBMCs) (100,000 cells/well) were added. Lymphoproliferation of the T cells 
present within the PBMC preparation was assessed by uptime of fHlthynudme 
30 during me final 8 hours of the culture perW (Fig 4). Additional conttols were 
performed where PBMCs were exposed to antigen in the presence of commerctall, 
avattable CTLA4-Ig protein in die absence of human mesenchymal stem ceUs. The 
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results show that the CTLA4-Ig transduced human mesenchymal stem cells 
provided an 81% inhibition in lymphoproliferation (4,000 cpms), whereas control 
transduced human mesenchymal stem cells did not inhibit proliferation of T cells 
present in the PBMC preparation to tetanus toxoid (19,000 cpms). The inhibition 

5 (81%) in lymphoproliferation observed with human mesenchymal stem cells 
expressing CTLA4-Ig was greater than the level of inhibition observed with the 
commercially available CTLA4-Ig protein (5ug/ml) which inhibited PBMC 
lymphoproliferation by only 51 %. Thus, the expression of the CTLA4-Ig molecule 
on the human mesenchymal stem cells suppressed T cell responses to levels well 

1 0 below those shown for commercially available CTLA4-Ig. 



WO 99/51275 PCT/US99/05350 

15 

What Is Claimed Is: 

1 A method of inhibiting a T cell response to an antigen, comprising 
contacting T cells with mesenchymal stem cells modified to present me anUgen, 

5 thereby inhibiting a T cell response to said antigen. 

2 A method of inhibiting a T cell response to an antigen, comprising 
administering to a host human mesenchymal stem cells modified to present the 
antigen, thereby inhibiting a T cell response to said antigen. 

10 

3 . The method of claim 2 wherein the antigen is an autoantigen. 

4. The method of claim 3 wherein the mesenchymal cells are autologous to 
the host. 

15 5 A method of inhibiting a T cell response to an antigen, comprising 

administering to a host human mesenchymal stem cells which express a molecule 
that blocks costimulation of T cells such that the T cell response to an antigen * 
inhibited. 

20 

6. The method of claim 5 wherein the molecule is membrane-bound. 

7. The method of claim 6 wherein the molecule is CTLA-4. 

8. The method of claim 5 wherein the molecule is a cell-soluble protein. 

9. The method of claim 8 wherein the molecule is CTLA4-Ig fusion 
protein. 

30 10 A method of inhibiting a T cell response to an antigen, comprising 

adrninistering to a host human mesenchymal stem cells which are modified to 



25 
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express a) the specific antigen; and b) a molecule that blocks costimulation of T 
cells, such that the T cell response to the antigen is inhibited. 

11. The method of claim 10 wherein the antigen is an autoantigen. 

5 

12. The method of claim 10 wherein the mesenchymal cells are autologous 
to the host. 

13. The method of claim 10 wherein the molecule is membrane-bound. 

10 

14. The method of claim 13 wherein the molecule is CTLA-4. 

15. The method of claim 10 wherein the molecule is a cell-soluble protein. 

15 16. The method of claim 15 wherein the molecule is CTLA4-Ig fusion 

protein. 

17. Use of mesenchymal stem cells modified to present antigen for the 
preparation of a composition for inhibiting a T cell response to the antigen. 

20 

18. Use according to claim 17 wherein the mesenchymal stem cells also 
express a molecule that blocks costimulation of T cells. 

19. Use of human mesenchymal stem cells which express a molecule that 
25 blocks costimulation of T cells such that the T cell response to an antigen is 

inhibited for the preparation of a composition for inhibiting a T cell response to an 
antigen. 
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Figure 2A 
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Figure 3 
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Figure 4 
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